This study investigates the macroeconomic responses of Nigerian economy to external shock between 1986 and 2014. Specifically, we examine the effect of oil price shocks and macroeconomic shocks from developed trading partners on Nigerian macroeconomic performances in order to establish pattern of reactions to these shocks in the country. We employ global vector autoregression (GVAR) comprising of the US, EU, China, Japan and Nigeria as the reference country. The adoption as of this method of estimation is necessitated by its capability to effectively model complex high-dimensional system and also offers adequate tools to deal with the curse of dimensionality that can arise from a study of this nature. Having critically examined the econometric properties of our GVAR model, the results from our estimation based on impulse response function show that oil price shocks have direct effect on real gross domestic product and exchange rate in Nigeria but variables like inflation and short-term interest rate do not show immediate response to the shocks. The results also indicate that macroeconomic variables such as short-term interest and inflation show immediate responses to shocks to counterpart variables in developed countries. Based on this, the study concludes that Nigerian economy is vulnerable to external shocks and such shocks are not limited to oil price shocks. Other form of shocks such as growth spillover and financial shocks from developed countries are also relevant in shaping the macroeconomic performances in Nigeria.
PUBLIC INTEREST STATEMENT
The whole world has become a global village as result of increasing globalization in recent time and this provides platform for interaction of macroeconomic variables among the countries of the world, especially trading partners. Apart from this cross-country interaction of macroeconomic variables, there exist global variables that influence macroeconomic variables across economies such as price of crude. Changes in all of these variables at one time or the other create shocks which macroeconomics variables in different economies must respond to. Thus, in this study, we examined the responses of Nigerian economy to vagaries of shocks from trading partners as a result of monetary and fiscal policies and crude oil price. The results show that macroeconomic variables in Nigeria does not only respond to oil price shocks but also respond to macroeconomic shocks from critical trading partners and policy-makers in the country must take this into cognizance.
Introduction
African countries in general are highly dependent on the volatile prices of primary commodities and aid flow Raddatz (2008) . Thus, a thorough understanding of macroeconomic fluctuations in African economies requires a good grasp of the impact of external shocks (Kose & Riezman, 2001) . The sources of such shocks may include fluctuations in the prices of exported primary commodities, imported capital goods, intermediate inputs and financial shocks, especially the world real interest rate. In Africa, Nigeria is biggest economy though at the global level the country can be considered a small open economy with strong tendency to respond to global macroeconomic shocks. Nigerian is an oil producing country and depends heavily on proceeds from the sales of crude oil to generate foreign earnings to finance her import. Also, the country depends heavily on importation of capital goods and consumable goods from developed and emerging economies of the world to cater for industrial and household needs and as such the economic fortunes of the country is inextricably tied to global economic activities thus making the country vulnerable to external shocks.
External shocks on small, open economies can lead to booms and bursts in employment and output, balance of payment crises and exchange rate instability (Gafar, 1996) . Based on this, effective management of external shocks can be considered as one of the key issues in macroeconomic management, especially in developing countries. In Nigeria, studies have examined the effect of oil price shocks on macroeconomics variables in the country (Akpan, 2009; Ayadi, 2005; Olomola & Adejumo, 2006) . Unfortunately, most of these studies focused on oil price volatility as the only source of external shocks to the Nigeria economy.
While it might be difficult to contest the fact that oil price change and its volatility as the most important source of shock to Nigerian economy, it is also difficult to ascribe all macroeconomic fluctuation to oil price shocks. As a result of this, it is important to take into consideration the implication of monetary and fiscal policy shocks of important trading partners, especially developed and emerging economies in any serious discussion of external shocks in Nigeria. Thus, it is pertinent to examine other sources of shocks vis-a-vis oil price shocks within the global interdependent framework and more importantly to determine the relative contribution of external and internal shocks to macroeconomic performances in the country and that is what this study seeks to achieve. To expand the scope of previous studies, the study focused on the effect of global variables (oil price and world price of raw materials index) and foreign variables from critical trading partners (the US, Euro, China and Japan). Apart from this general introduction, the rest of the paper is structured as follow. Section two gives general overview of macroeconomic characteristics and performances in Nigeria, section three presents literature review, while the methodology is presented in section four and section five discusses the results and findings.
Overview of macroeconomic characteristics and performances in Nigeria
The Nigerian economy has over the year heavily relied on export of crude oil for foreign exchange earnings and revenues. Particularly, sales of crude oil accounts for over 95% of export earnings and about 85% of government revenues. Despite this, the sector only contribution to 17.85% to GDP. According to Energy Information Administration (2009), Nigeria's effective oil production capacity to be around 2.7 million barrels per day. However, the country has continued to import refined petroleum products since the collapse of local refineries in the late 1980s. According to Nigerian National Petroleum Corporation 2014 report, the country imports almost 85% of refined products for local consumption.
Generally, the economy has experienced a persistent growth in output in recent time especially since the advent of democracy. The average growth rate of real output within the reference period stands at 5.33% as against world real output growth of (2.72%). Also, inflation rate in the economy stands at 20.29% as against (4.3) at the global level and (2.0) in the US and (2.1) Euro area which are the most important trading partners before the emergence of China in recent time. The interest rate in the economy is also far above what obtained at global level, but is gradually coming down as shown in Figure 1 though is still above what obtains in other trading economies like China, the US and Euro area and this might altogether questions proper linkage of Nigerian economy to rest of the world. To get a clearer picture, we plotted three macroeconomic variables that can quickly show the level of external dependence of the economy (exchange rate, foreign reserve and current account balance). The three variables are presented in Figure 2 together with oil price.
Empirical literature
Many studies in the past focused on effect of oil price shocks on macroeconomic performances of either oil exporting countries or oil importing countries, with little attention to other sources of external shocks. To achieve a comprehensive review of literature, we examined studies that focus on oil price shocks and studies that focus on other sources of external shocks, especially growth spillover.
One of the consequences of recent global financial crisis is the growing number of studies on transmission of business cycle, especially from developed countries such as the US, European Union, Japan, China, India, to other countries majorly the developing ones. Starting with the work of Bayoumi and Swiston (2009) , in their study using vector autoregressions of real growth, they estimated growth spillovers between the US, the Euro area, Japan and an aggregate of smaller countries proxying for global shocks. They found out that the US and global shocks generate significant spillovers in developing countries, but those from the Euro area and Japan are small comparing to the US). Similarly, study by Vamvakidis and Arora (2010) examined the growth spillover of China's economy in recent time employing vector autoregressions approach and they concluded that spillover effects of China's growth have increased in recent decades and long-term spillover effects are also significant and have extended in recent decades beyond Asia and this has serious implication for a developing country like Nigeria that have serious trade relations with china. Array of similar studies by Samake and Yang (2011) , Ding and Masha (2012) and Poirson and Weber (2011) came to similar conclusion on growth spillover. Furthermore, a lot of studies have been carried out on the macroeconomic effect of oil price shocks in oil-producing countries, Nigeria inclusive. Starting with the one of the earlier studies by Hamilton (1983) who argued that several post-war recessions in the US were preceded by oil price shocks other studies by (Ayadi, 2005; Brown & Yücel, 2002; Burbidge & Harrison, 1984; Darby, 1982; Khan & Hampton, 1990) corroborate this assertion in the US or other countries but the major bone of contention is the channels of transmission of the oil price shocks.
Considering the study by Abel and Bernanke (2001) , they argue that increases in oil prices cause the general price level to rise. Thus, they consider the price as transmission mechanism through which oil prices influences the macroeconomic situations in a typical oil consuming country. Other theories that focus on the production function corroborate this assertion.
In another study by Finn (2000) , he asserts that an oil price shock create a sharp and simultaneous decreases in energy consumption and capital utilization. Thus, the resulting decline in energy consumption permeates through the production function, directly resulting to a decrease in output and labour's marginal product. Consequently, the fall in labour's marginal product brings about reduction in wages, which, in turn, leads to a reduction in the labour supplied.
In addition, there exist array of studies in Nigeria with divergent views on the roles of oil shocks in Nigerian economy. While Ayadi (2005) concludes that oil price shocks does not have significant effect on industrial production, Akpan (2009) submits that there exists a marginal impact of oil price fluctuation on industrial output growth in the country. Olomola and Adejumo (2006) conclude that oil price shocks (positive) do not have a direct effect on output and inflation except via real exchange rate and money supply. Apart from this little controversy in the literature of oil price shock in Nigeria, it also important to investigate how other external shocks affect Nigerian economy, especially the growth spillover from other advanced economies of the world.
Research methodology
Generally, in the literature of VAR, three main approaches have been commonly developed for modelling data-sets with a large number of variables which this type of study requires. They are augmented VARs, Bayesian VARs and the global VARs. Out of the three approaches, global VARs has proven to be handier and intuitively appealing (Pesaran and Chudik, 2014) . For proper theoretical underlying of GVAR, Pesaran, Schuermann, and Weiner (2004) , Dees, di Mauro, Pesaran and Smith (2007) and Pesaran and Chudik (2014) provide a detailed guide.
The global VAR (GVAR) approach, developed in Pesaran et al. (2004) was employed to investigate the dynamic interaction of external shocks and macroeconomic performances in Nigeria. The adoption of this methodology is based on the fact that it provides a relatively simple and effective way of modelling complex high-dimensional system and also offers adequate tools to deal with the curse of dimensionality that can arise from a study of this nature. It also provides opportunity to explore different sources of shocks to an economy and this makes the method suitable for a study of this nature with primary goal of exploring different sources of shocks to Nigerian economy.
According to Pesaran et al. (2004) , the global VAR model can be developed in two stages. The first stage starts with country-specific VARX* models, which is just VAR models augmented by weakly I (1) variables such as domestic variables and cross-section averages of foreign variables. This is further estimated for each country/region separately. In the second stage, the estimated coefficients from the country/region-specific models are stacked and solved in one big system this referred to as global VAR (Table 1) .
Given a country-specific model which is a VARX* model for each individual country/region, in each country VARX* model, country-specific domestic variables are related to deterministic variables, such as time trend, country-specific foreign variables and global variables. Introducing common endogenous variables in country-specific model of the GVAR:
where GDP it = nominal gross domestic product of country i during period t (in local currency), CPI it = consumer price index for country i at time t (with the base year at 100), e it = exchange rate of country i currency at time t in US dollars, i = nominal short-term interest rate per annum, in per cent, In our GVAR model, the US is indexed as country 0 and the exchange rate of the US-E 0t -is taken to be 1. In the country-specific model for each country, the endogenous variables are; q it , p it , i it e it f it r it and q * it p * it i * it e * it f * it r * it , represents foreign variables and it contains variables from important trading partners majorly G4 (the US, Euro Zone, Japan and China). In addition to the foreign variables, the GVAR model contained some global variables, namely oil price (p o t ) and world commodity price index (p W t ). The GVAR model thus allowed for interactions among the different economies through three separate but interrelated channels: the contemporaneous dependence X it on X * it and X * it−m ; dependence of the country-specific variables on common global exogenous . The (weak) exogenous variables in the country-specific VARX* models trade weighted foreign core macrovariables (denoted by an "*"). In most country-specific models, foreign variables are constructed as follows:
The weights w ij for i, j = 0, 1, …, N are trade weights between country i and country j which will be computed using the simple average of monthly total trade of a country during the 1990-2013 period. w ii is 0 for any country i. Also, for robustness check a time-varying weight will also computed and employed to determine the sensitivity of our model to changing trade relationship between foreign economies and Nigerian economy. Furthermore, It is assumed that variables are I (1), the countryspecific exogenous variables are weakly exogenous, and that the parameters of the country-specific models remain stable over time. Also, the order of the individual country VARX*(p i , q i ) models, where p i denotes the lag order of endogenous variables (or domestic variables) and q i denotes the lag order of exogenous variables (or foreign variables) selected. The values of a VARX*(1, 1).Then, for all countries the country-specific VARX*(1, 1) models can be written as follows:
where t is the linear time trend. In line with Pesaran et al. (2004) , the country-specific VARX* models was estimated individually with the restriction that both the foreign and global variables are weakly exogenous I(1) variables. Assuming the weak exogeneity of the foreign variables implies that each country, with the exception of the US, is considered as a small open economy. The global variables, d = (p o t and p W t ), were thus treated as endogenous in the US model. The exogeneity assumptions hold in practice depends on the relative sizes of the countries/regions in the global model and on the degree of cross-country dependence of the idiosyncratic shocks, ɛ it as captured by the cross-covariances ∑ ij (Pesaran et al., 2004) . The weak exogeneity in the context of co-integrating models implies no long run feedback from X it to X * it without ruling out lagged short run feedback between the two sets of variables (Dées, Karadeloglou, Kaufmann, & Sánchez, 2007) .
Consider the V ARX* model for country-specific model without the global variables and group both the domestic and foreign variables as
Such country-specific model could be written as follows:
Collecting all the country-specific variables together in the K × 1 global vector where k = N ∑ i=0 K i the total number of the endogenous variables, the country-specific variables can be written as follows:
(1)
where W i is a k i + k * i × k country-specific link matrix constructed on the basis of trade weights that allows the country-specific models to be written in terms of the global variable vector. Substituting Equation (4) in (5), we have
Stacking all the equations yields
where G is a k × k-dimension matrix with full rank and hence non-singular. As a result, G matrix could be inverted to obtain the GVAR model in its reduced form as follows:
The GVAR model in Equation (9) can be solved recursively and the dynamic properties of the model will be analysed using generalized impulse response functions (GIRFs).
Definition and measurement of variables
In order to examine the dynamic interaction between external shocks and macroeconomic performances of Nigeria, the study utilized quarterly data over the period of 1990-2014. In all, six endogenous variables were employed for Nigeria. The variables are nominal gross domestic product of each country, consumer price index, exchange rate of country i currency at time t in US dollars, foreign direct investment as percentage of GDP, nominal short-term interest rate per annum, the real equity price and foreign exchange reserves.
Similarly, seven foreign variables were employed in the model as weak exogenous variables. The variables were nominal gross domestic product of each country, consumer price index, exchange rate of country i currency at time t in US dollars, nominal short-term interest rate per annum in per cent, the real equity price to GDP and foreign exchange reserves expressed in terms of at least 6 months of imports. Also, two global variables were included in the model, which are oil price and world commodity price index. In the US model, exchange rate was excluded and the global variables are treated as endogenous variables thus making the variables in the model nine. Apart from foreign reserve and foreign direct investment introduced as endogenous variables in Nigerian model, all other macroeconomic and financial variables have been widely employed in similar studies outside Zone Pesaran, Shin, and Smith (2000) , Pesaran et al. (2004) , Pesaran, Schuermann, and Smith (2009) , Han and Ng (2011) and Gurara and Ncube (2013) .
Econometrics properties of the data

Unit root tests
Weighted symmetric augmented Dickey-Fuller (WS-ADF) unit root test performed on all the domestic variables. The results indicate that the variables in the models are I (1) and this suggests that while the hypothesis of non-stationarity is rejected at level but accepted at first difference. Thus, it is assumed that all our variables are suitable for estimation of GVAR. The results is included in Appendix 1
Similarly, WS-ADF unit root test performed on all the foreign variables and the results also indicate that the variables are I (1). Also, WS-ADF unit root test was employed to test the stationarity of global variables and the results also indicate that the variables in the models are I (1). The results are presented in Appendices 2 and 3.
Choice criteria for selecting the order of the VARX*
For lag order of domestic variables (p) and foreign variables (q), AIC and SBC were used to select lag order for each country-specific VARX* models. Maximum lag orders of two are allowed for both (p) and (q). The test results indicate VARX*(2, 1) for all countries-specific VARX* models. The results also contains choice criteria for selecting the order of the VARX* models together with corresponding residual serial correlation F-Statistics. The results are presented in Appendices 4 and 5, respectively.
Cointegration results
By default, the GVAR program will create the worksheet coint_max&traceVARX. It contains both the trace and maximum eigenvalue statistics used for determining the dimension of the cointegration space of the individual models, as well as the critical values for the trace statistic. Tests are usually conducted using the trace statistic at the 5% level of significance. The critical values for models including weakly exogenous variables are obtained from Mackinnon, Haug and Michelis (1999) . In this model, estimate of VARX* was performed for each country in the GVAR system, based on the number of cointergrating vector imposed according to the result of the trace statistics with the lag selected by AIC. The results from cointegrating tests indicate five cointegrating relations for Nigeria and Japan, and four for USA. It indicates three cointegrating relations for China and Euro. The detail of the results are presented in Appendix 6.
Model estimation
In line with the objective of the study which is to investigate the macroeconomic responses of Nigerian economy to external shocks, we analysed the time profile of the effects of a one standard shocks to foreign variables on Nigerian macroeconomic variables. We investigated the implications of two different external shocks: one standard error negative shocks to real output in the US, China, Euro and Japan and one standard error positive shocks to global oil price. To achieve our objective, we employed the GIRF proposed in Koop, Pesaran, and Potter (1996) , developed further in Pesaran and Shin (1998) for vector error-correcting models. This is because there is no strong a priori information to identify the short run dynamics of our system couple with the fact that large restrictions it would require for proper identification. Also, this prevents the model from being sensitive to ordering of variables and country which is very important in big macroeconomics model. Figure 3 , consider the effect of one standard negative shocks to the US real output which is equivalent to a fall of around 0.3-0.4% in real output at the point of impact in the US. The transmission of the shock takes effect in Nigeria decreasing real output in the country by 0.1% at the beginning and average of 0.6% over the period of two years and it is statistically significant for the country. Also, in panel three, one standard negative shocks to Euro real output which amount to a fall of around 0.06% on the average in real output in Euro area over the period of two years. The shock is transmitted to Nigerian economy by decreasing real output by 0.24% immediately and average of 0.36% over the rest of the period. The results also show that the effect of the shock is statistically significant for the country. The implication of this is that if any contractionary policy action either monetary or fiscal is set in motion by the US and Euro authority to combat inflation such that it reduces real output in anyway, the ripple effect of such policy action will resonate in a far distance place like Nigeria. From the results, it is clear that Nigerian economy is more susceptible to shocks from the US and Euro.
In panel two of
Furthermore, in panel two one standard negative shock to real output in China produces a fall of around 0.23% in Chinese economy over a period of two years. The shock is transmitted to Nigerian economy by decreasing the real output in the country by 0.08% at the point of impact and reach its peak in sixteenth quarter (0.3%). Subsequently, it moves around the average of 0.26% over the rest of the period and it seems to have persistent effect on Nigerian economy. Similarly, Nigerian economy response to real output shocks in Japan is inconsistent. It witnesses a decrease of 0.04% at the point of impact and turns positive towards the last quarter.
In Figure 4 panel two presents the responses of Nigeria to one standard error positive shocks to world oil price which is equivalent to about 10-11% increase in price of crude in international market. In line with our expectation, Nigeria that is an oil producing country shows positive response to one standard error positive shocks to world oil price. The Nigerian economy shows immediate response as the real output increases by 0.06% and move up to its peak of 0.45% in fourth quarter and, subsequently, move on the average rate of 0.2% per quarter. The results show that Nigerian economy is very sensitive to oil price shocks and the channel can serve a major link through which global shocks can permeate into the Nigerian Economy. Also, the results demonstrate an economically meaningful interdependence that exists between the Nigerian economy and the global economy.
Similarly, other macroeconomic variables show responses. Inflation does not show immediate response, it only responds in fourth quarter with a slight decrease of 0.02% and assumes expected response in 12th quarter with an increase of 0.03% which seems to be sustained throughout. This suggest that there is no immediate impact of oil price shocks on inflation but it only occurs via other channels possibly exchange rate and government spending. The oil price shocks seem not to have a noticeable impact on domestic interest rate in Nigeria as the variable simply oscillates around a particular point. This might suggests that the variable administratively determined or only influenced by other financial variables both inside and outside Nigerian economy. While the responses from other macroeconomic variable could be considered mild, the biggest response of oil price shocks is from exchange rate as the variable shows persistent increase before settling down in fifth quarter with a sustained increase of 0.2%.
In Figure 5 panel two, given a policy action in the US that bring about one standard error positive shocks to the US inflation rate which translate to 0.19% increase in inflation rate in the country of origin (the US) and average of 0.07% within the space of two year. This policy shock in the US will have impacts on Nigerian inflation rate. Specifically, such policy action will increase inflation rate in Nigerian economy by 0.01% at point of impact but this will increase astronomically to 0.4 and 0.6% in the next two quarters and average of 0.5% over a period of two years which is far more than what obtains in the country where the policy originated and this suggests a serious inbuilt multiplier within the Nigerian economy and how critical inflation bias policy actions in the US can impact on inflation rate in Nigeria. Similarly, one standard error positive shocks to inflation in Euro translates to 0.1% at the initial stage in the country of origin and average of 0.7% in remaining quarters. The shocks produce quick effect on Nigerian economy by increasing inflation rate in the country by 0.3% come down to 0.1% in the next two quarters but oscillate around the average of 0.5% subsequently.
In another simulation as shown in panel two Figure 5 , one standard error positive shocks to inflation in China which translates to 0.7% at initiation and average of 0.33% afterwards can also create a substantial impact on Nigerian inflation. Starting with Nigerian economy responds with an increasing inflation rate of 0.5% as immediate effect and come down in the next two quarters but move up again to an average of 0.5% in subsequent quarters within the space of two years. The simulation of one standard error positive shocks to inflation in Japan in panel two Figure 4 which translate to 0.2% at initiation and average of 0.17% have moderate effect on Nigerian economy. The economy responds with an increasing inflation rate of 0.23% immediately and move up to the peak of 0.9% in sixth quarter and come down to average of 0.1% in subsequent quarters within the space of two years.
Furthermore, Figure 6 shows the response of short-term interest rate in Nigeria to positive shocks of short-term interest rate in the US, Euro, China and Japan. Contrary to expectation, short-term interest rate fails to produce appropriate response to interest shocks in these countries and this suggests that the variable is administratively determined.
Conclusion and recommendations
Based on the results obtained, it can be concluded that Nigerian economy is vulnerable external shocks and such shocks is not limited to oil price shocks. Other form of shocks such as growth spillover and financial shocks from developed countries are also relevant in shaping the macroeconomic performances in Nigeria. In addition, while macroeconomic variables such as inflation and short interest rate do not show immediate response to all oil price shocks they show immediate response to shocks to similar variables in developed countries. Thus, it indicates that oil price shock does not have direct effect on all the key macroeconomic variables in Nigeria and it is not the sole determinant of Nigerian macroeconomic outlook. The implication of this is that Nigeria is vulnerable to external shocks from different angles and this poses a serious challenge for macroeconomic management in the country.
As a result of the foregoing conclusion, there is need for a strong macroeconomic team that pay prompt attention to macroeconomic happenings in trading partners countries and design counteracting policies to cushion shocks that might emanate from such macroeconomic events. Also, it is imperative for Nigerian economy to be diversified as to attract multiple trade partners and this will provide opportunity for risk diversification in macroeconomic management. 
